Introduction
Phenolics are characterized by high structural diversity and, consequently, a very broad spectrum of biological activities. A number of mechanisms underlie the beneficial effects of those compounds, such as oxidative stress reduction [1, 2] , interactions with various signal transduction pathways [3] [4] [5] , immunomodulation [6, 7] , and inhibition of certain enzymes [8, 9] . Considerable interest in the biological activities of polyphenols has been aroused by, inter alia, the increasing incidence of such civilization diseases as cancer, and the need for efficient and safe prophylaxis and therapy.
Beside cardiovascular diseases, cancer is one of the most serious problems faced by contemporary medicine. In 2008, over 12 million new cancer cases were diagnosed worldwide, breast cancer being one of the most frequently diagnosed in women, and the one characterized with the highest mortality rate [10] . However, a large body of data exists on the influence of polyphenols of plant origin on breast cancer [11] [12] [13] [14] . For instance, an extract from the fruit of Terminalia chebula Retz. (yellow myrobalan or chebulic myrobalan) effectively inhibits the proliferation of murine and human mammary gland cancer cells (S115 and MCF-7, respectively) [11] . Epigallocatechin gallate (EGCG), the main phenolic constituent of green tea whose antiproliferative activity towards cancer cells is the most widely reported among polyphenols, also inhibits the growth of MCF-7 cells [12] . Genistein, a soy isoflavone, was found to cause G2/M cell cycle arrest in MDA-MB-231 and MCF-7 mammary gland cancer cell lines [13] . Adams et al. [14] note that the inhibition of MDA-MB-231 cells by blueberry extract correlated with a decrease in the synthesis and secretion of MMP-9 and MMP-1.
One report, from our laboratory, examines the effect of evening primrose flavanol preparation (EPFP), a flavanol preparation obtained from defatted seeds of evening primrose, on a highly invasive breast cancer cell line (MDA-MB-231) [15] . The aim of the present work was to assess the apoptotic and angiogenic activities of the procyanidin-rich EPFP towards non-invasive breast cancer cells (MCF-7) with respect to the expression of genes associated with these processes, and then to compare these results with those obtained for MDA-MB-231 cells [15] .
Experimental Procedures

Materials
Defatted evening primrose (Oenothera paradoxa Hudziok) seeds were obtained from Agropharm S.A./ Adamed Group pharmaceutical company (Tuszyn, Poland). All the reagents, cell culture medium and its supplements were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Flavanols Fraction Isolation
Evening primrose flavanol preparation was obtained according to the procedure of Oszmiański [16] , as described previously [15] . The preparation was obtained by isolation of flavanols from a crude aqueous ethanolic extract of evening primrose defatted seeds. The resulting preparation is referred to as EPFP in this work. amphotericin B, 1 mM L -1 sodium pyruvate, and 1% MEM non-essential amino acids. Cells were grown in a humidified atmosphere of 5% CO 2 at 37ºC. The cells were seeded in such quantity that the confluence at the end of the experiment did not exceed 80% in the control wells. In the present work, EPFP was tested within a concentration range of 25 to 100 µM L -1 GAE, which corresponds to 4.3 -17.0 μg GAE/mL or 4.6 -18.3 μg of preparation/mL. For all bioassays, EPFP was dissolved in 70% ethanol solution in deionized water and then diluted to the final concentration with serum-free medium. The final concentration of ethanol was lower than 0.01% (v/v). Controls for the EPFP treatment were incubated with ethanol.
Cell Culture
Viability Assay
Cell growth was assessed after 24, 48, and 72 h of incubation, with or without EPFP at a concentration of 0 -100 µM L -1 gallic acid equivalents/GAE, by crystal violet staining: a colorimetric method that dyes cellular nuclei. The staining was performed according to Henriksson et al. [17] , with slight modifications. Briefly, the cells were fixed in situ with 4% formaldehyde solution in PBS for 30 min at room temperature. Then the cells were washed twice with pH 7.4 PBS and stained with 0.5% crystal violet dissolved in 25% aqueous solution of methanol for 5 min at room temperature. Unbound dye was washed out with deionized water and the cells allowed to air dry. The dye was solubilized in 33% aqueous solution of acetic acid while shaking for 30 min at room temperature. Optical density (OD) was measured by a microplate reader (iMark TM , BioRad Laboratories) at a wavelength of 595 nm.
Apoptosis Detection by Flow Cytometry
MCF-7 cells were seeded at a density of 1.5 x 10 5 /60 mm well in 5 mL EMEM culture medium containing 3% FBS. After 24 h of initial incubation, the cells were washed twice with PBS and suspended in 5 mL of serumfree EMEM, supplemented with 0.1% BSA and with EPFP at the concentrations of 25, 50, and 100 µM L -1 GAE. Control samples were incubated without EPFP. The incubation lasted for 48 h. Next, the cells were suspended in PBS at the concentration of 0.5 x 10 6 /0.5 mL and subjected to annexin V/propidium iodide (PI) staining according to the procedure recommended by the manufacturer of the FITC Annexin V Apoptosis Detection Kit I (BD Biosciences, Bedford, MA, USA). The stained samples were immediately analyzed with the use of a flow cytometer (Canto II, BD Biosciences). Data was processed using FACSDiva 6.1.3 software (Becton Dickinson). The samples were prepared in triplicate and three independent experiments were carried out.
Migration Assay
Boyden chambers (BD Becton Dickinson, Bedford, MA, USA) were used for assaying cell migration ability. The lower chamber contained medium with 10% FBS as a chemoattractant. Cells were resuspended in serumfree medium with or without EPFP at a concentration of 0 -100 μM L -1 GAE, and plated onto the upper chamber at a density of 1 x 10 5 cells/500 µL according to the manufacturer's recommendations. The chambers were incubated for 48 h at 37ºC in a 5% CO 2 atmosphere.
After incubation, the non-migrated cells in the upper chamber were gently scraped away and adherent cells present on the lower surface of the insert were stained with crystal violet, photographed, and measured using NIH ImageJ analysis software.
Gelatin Zymography
In order to determine the effect of EPFP on MMP-9 activity, the enzyme expression was stimulated with 12-O-tetradecanoylphorbol-13-acetate (TPA) [18] . The cells were harvested, suspended in the growth medium mentioned above, and seeded at a density of 3 x 10 3 per well on 96-well plates. After 24 h, the cells were washed twice with PBS. Next, the cells were incubated in serum-free media in the presence of the above-mentioned stimulant, with or without of EPFP, for 48 h. Gelatin zymography of cell culture media samples was performed as described previously [19] . Briefly, 20 µL volumes of media were dissolved in an electrophoresis sample buffer containing sodium dodecyl sulfate (SDS) and subjected to electrophoresis in a 10% polyacrylamide gel embedded with gelatin at a concentration of 1.5 mg mL -1 in the absence of β-mercaptoethanol. After electrophoresis, MMP-9 was renatured by incubation with 2.5% Triton X-100 and the enzyme reaction was allowed to proceed at 37°C for 21 h. The gels were then stained for 1.5 h with 0.0125% Amido Black in 7% acetic acid and 20% ethanol. MMP-9 was visualized as transparent bands against the dark blue background of Amido Black-stained slab gels. The intensity of the bands was quantified by densitometric analysis using the GelDoc™ EQ system with Quantity One software (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Quantitative Real Time RT-PCR (Q-PCR)
Quantitative polymerase chain reaction (Q-PCR) was used to determine the effect of EPFP on the mRNA expression of the following genes in MCF- from 10 µg of total RNA in a total volume of 70 µl using ImProm-II TM reverse transcriptase (Promega, Madison, WI, USA). Next, cDNA samples were diluted with sterile deionized water to a total volume of 140 µL. Volumes of 2 µl, corresponding to 0.14 µg of total RNA, were used for Q-PCR, which was performed using the Rotor-Gene TM 3000 (Corbett Research) thermocycler. Detection of Q-PCR products was performed with SensiMix™ SYBER Low-ROX Kit (Bioline, London, UK). Gene expression levels were normalized using two reference genes: microglobulin (B2M) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Relative expression was calculated according to Roche's method using Universal Human Reference RNA (Stratagene, La Jolla, CA, USA) as a reference [20] .
Statistical Analysis
Data is presented as mean ± SD or SEM, as indicated in the figure legends. The number of independent experiments is given in the figure legends. The statistical significance of differences between means was determined by nonparametric analysis using the Kruskal-Wallis one-way ANOVA followed by Bonferroni test. Analyze-it software, v. 2.21 (Analyze-it Software, Ltd., Leeds, UK) was used for statistical analyses; p values of < 0.05 were considered to be statistically significant.
Results and Discussion
Evening primrose oil is a widely known dietary supplement that has long been used for medical purposes. It is rich in unsaturated fatty acids, particularly γ-linolenic acid (GLA) which constitutes approximately 14% of the oil's fatty acid content [21, 22] . Defatted seeds are a waste product resulting from oil pressing; they are recognized as a rich source of polyphenols [9, 22, 23] . The phenolic profile of the EPFP was presented previously [15] . The preparation is rich in procyanidins and their (+)-catechin and (-)-epicatechin monomers. Our previous studies have shown that EPFP acts as a proapoptotic and antiangiogenic agent towards highly invasive human breast cancer cells (MDA-MB-231) [15] and human prostate cancer cells (DU 145) [24] . The EPFP has also been reported to trigger apoptosis in colon cancer cells [25] .The present work examines some of the biological activities of EPFP towards non-invasive breast cancer cells (MCF-7) and these activities are compared with those of EPFP towards MDA-MB-231 cells.
We used crystal violet staining in order to estimate the effect of EPFP on MCF-7 cell number ( Figure 1 ). EPFP did not cause a reduction in cell number after 24 h incubation. Interestingly, at low EPFP concentrations, 25 µM L -1 GAE, a slight increase in cell number was observed (20%). After 48 h incubation, slight decreases in cell number were noted: 16%, 26%, and 22% vs. control (untreated cells) for 50, 75, and 100 µM L -1 GAE, respectively. As in the case of MDA-MB-231 cells, 72 h incubation with EPFP caused a statistically significant and dose-dependent reduction in MCF-7 cell number: by 32%, 50%, and 62% for 50, 75, and 100 µM L -1 GAE, respectively. Nevertheless, it should be emphasized that the observed decrease in MCF-7 cell number was weaker than in the case of MDA-MB-231 cells: IC 50 = 75 and 58 µM GAE for MCF-7 and MDA-MB-231, respectively [15] . It may be concluded that MDA-MB-231 and MCF-7 cells exhibit different sensitivities to the antiproliferative activity of EPFP.
No literature data exists regarding the effect of polyphenols from evening primrose defatted seeds on MCF-7 cells; however, there are reports on effects of phenolics from other sources on MCF-7 cell growth [26, 27] . The effect of genistein on the growth of five breast cancer cell lines, including MDA-MB-231 and MCF-7 was investigated, and it was demonstrated that those cell lines exhibited different sensitivities to the soy isoflavone [26] . At low concentrations of 1 µM L -1 , genistein stimulated only the growth of MCF-7 cells, whereas at 10 µM L -1 , it inhibited the growth of both MCF-7 and MDA-MB-231 cells. It is worth emphasizing that genistein, as with EPFP, proved to be a stronger antiproliferative agent towards MDA-MB-231 than towards MCF-7 if the experiments were carried out in a culture medium with a similar composition to that used on MCF-7 cell growth, determined on the basis of crystal violet staining. Data is expressed as the percentage of control values (untreated cells). The concentration of EPFP causing a 50% inhibitory effect on cell viability when compared with untreated cells after 72 h of incubation (IC 50 value = 75 µM GAE). Each value represents the mean value ± SD, n = 3 independent experiments (each experiment was carried out in four replicates). Significance of differences between means: * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control.
in our experiments: 2 and 3% FBS, respectively. Hence, in this regard, our results confirm those previously concluded.
On the other hand, different results regarding the influence of polyphenols extracted from Smilax china, a species of greenbrier, on the viability of MCF-7 and MDA-MB-231 cells are reported [27] . Three fractions and six phenolic compounds isolated from S. china roots and tubers were tested, and the IC 50 for MDA-MB-231 cells was found to be lower than for MCF-7 only in the case of an ethanol acetate fraction; the opposite being true in all the other cases. In our opinion, the difference between our results and other ones may be due to the fact that the EPFP tested in the present study is not an individual compound but an extract rich in procyanidins and other flavanols. Alternatively, the difference may be related to the use of an assay based on the reduction of a tetrazolium salt (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide/MTT) to formazan. Caution should be exercised when using MTT assay to determine the effect of individual phenolics and polypehnol-rich extracts on cell viability, as phenolic compounds exhibit antioxidant activity and therefore they themselves reduce the tetrazolium salt to formazan [28, 29] . It was observed that addition of resveratrol to culture medium resulted in increased MTT reduction without a corresponding increase in the number of living cells [28] . Furthermore, it is demonstrate that polyphenols and other antioxidants reduce the tetrazolium salt in the absence of cells [30] . For this reason, the present study uses crystal violet to assess cell growth, as it binds both DNA and proteins [22] .
Apoptosis is a process that constitutes a natural barrier for tumor development, and its induction in neoplastic cells is one of cancer chemopreventive and chemotherapeutic strategies [17] . We investigated the proapoptotic activity of EPFP towards MCF-7 cells by means of flow cytometry. A 1.35-, 1.48-, and 2.21-fold increase in the number of apoptotic cells, vs. control, was observed at EPFP concentrations of 25, 50, and 100 µM L -1 GAE, respectively. As a result of incubation with EPFP, the number of necrotic cells also increased by 1.14-, 1.76-, and 1.79-fold at concentrations of 25, 50, and 100 µM L -1 GAE, respectively: Figure 2A and 2B. In summary, both apoptotic and necrotic cell numbers increased together with EPFP concentration. However, the increase was not as pronounced as in the case of MDA-MB-231 cells, as evidenced in our previous study: the numbers of apoptotic and necrotic cells were 3.19 and 2.97-fold higher, respectively, at an EPFP concentration of 100 µM L -1 GAE than in controls [15] . One of strategies of apoptosis induction in neoplastic cells is modulation of expression of some genes involved in this process, e.g. Bax and Bcl-2, whose respective products are pro-and anti-apoptotic proteins [30, 31] . Our results demonstrate that EPFP is able to trigger apoptosis in MCF-7 cells by downregulating Bcl-2 by 10%, 46%, and 55% vs. controls at 25, 50, and 75 µM L -1 GAE, respectively, and upregulating Bax by 39%, 57%, and 57% vs. control at 25, 50, and 75 µM L -1 GAE, respectively ( Figure 2C ). If the Bcl-2/ Bax mRNA ratio is lower than 1, the cells are sensitive to proapoptotic agents. On the other hand, when the ratio increases, the cells become more resistant to apoptosis-inducing agents [32] . In MCF-7 cells, the Bcl-2/Bax ratio decreased from 1.0 to 0.29 within the concentration range used in our study ( Figure 2D ). In the case of MDA-MB-231 cells, a similar observation was made; however, the decrease in the ratio was much more pronounced: 0.28, 0.12, and 0.09 at 25, 50, and 75 µM L -1 GAE, respectively [15] . These results imply that EPFP is a stronger proapoptotic agent towards MDA-MB-231 than towards MCF-7 cells. As in the case of MDA-MB-231 cells, EPFP also strongly reduced the expression of Ki67 (a universal proliferation marker) in MCF-7 cells: a reduction by 75%, 81%, and 84% at 25, 50, and 75 µM L -1 GAE, respectively ( Figure 2C ). A strong correlation is known to exist between Ki67 expression level and tumor size, breast cancer aggressiveness, level of angiogenesis and survival rate insofar that breast cancer patients with a high level of Ki67 expression have a poor survival rate [33, 34] .
The next stage of the study investigated the influence of EPFP on MCF-7 migration ( Figure 3A, 3B, and 3C ). The cell migration was inhibited in a dose-dependent manner and was equal to 75%, 59%, 52%, and 52% of control values at EPFP concentrations of 25, 50, 75, and 100 µM L -1 GAE, respectively. The inhibition of MCF-7 cells migration may be caused by both increased Bax and decreased Bcl-2, Ki67, MMP-9 expression by EPFP. The effect of EPFP was assessed on the invasiveness of highly invasive MDA-MB-231 cells rather than MCF-7 as the latter is non-invasive. As metalloproteinases, particularly MMP-9, a type IV collagenase, render cell migration possible by degrading basement membranes, and other extracellular matrix proteins, the study addressed the effect of EPFP on MMP-9 activity [35, 36] . In breast cancer, an elevated level of MMP-9 correlates with a poor prognosis [37] . The present work demonstrates that EPFP dose-dependently inhibits the activity of MMP-9 secreted to culture medium by MCF-7 cells. As shown in Figure 4A and 4B, only a slight decrease of less than 10% was seen in MMP-9 activity at the lowest EPFP concentrations of 25 and 50 µM L -1 GAE. However, at 75 and 100 µM L -1 GAE, a 1.3 and 1.8-fold reduction in the activity of type IV collagenase was observed compared with controls. Nevertheless, in the case of MMP-9 secreted to the culture medium by MDA-MB-231 cells, the inhibitory effect of EPFP was much more pronounced within the whole concentration range chosen for our studies than for the enzyme secreted by MCF-7 cells: the enzyme activity was reduced 2.4-, 3.2-, 5-, and 10-fold compared to vs. controls at 25, 50, 75, and 100 µM GAE, respectively, [15] .
Those results are in accordance with a report by Stręk et al. which demonstrates the inhibition of both type IV collagenases, MMP-2 and MMP-9, secreted by human peripheral blood mononuclear cells and human leukemia HL-60 cells by a procyanidin-rich flavanol preparation from the fruit of Japanese quince, Chaenomeles japonica [8] . Literature data indicates that polyphenols can not only directly inhibit MMPs activity [38] but also influence their expression and secretion levels [39, 40] . In our study, the results of Q-PCR analysis show that EPFP dose-dependently reduced MMP- 1, MMP-9, MMP-14, and vascular endothelial growth factor (VEGF) expression levels. At 75 µM L -1 GAE, the levels were as follows: 0.16 vs. control for MMP-1, 0.50 vs. control for MMP-9, 0.34 vs. control for MMP-14, and 0.41 vs. control for VEGF ( Figure 5 ). The evening primrose flavanol preparation tested in our study caused a reduction in the expression level of VEGF; the product of this gene is an angiogenesis stimulator [41] . Most importantly, the expression of TIMP-1, whose product is a tissue inhibitor of matrix metalloproteinases, increased 2.01-fold compared with controls after stimulation by 75 µM L -1 GAE EPFP. However, this did not cause statistically significant changes in TIMP-2 expression ( Figure 5 ). TIMP-1 plays an important role in preventing breast cancer development, as it suppresses tumor invasion induced by MMPs. On the other hand, TIMP-1 overexpression resulted in an increase in MDA-MB-231 in vitro invasiveness and enhanced in vivo tumor growth [42] . A lack of ERα gene expression in ER-negative breast cancers is mainly caused by hypermethylation of the ER promoter in these cells. Treatment of cells with DNA methyltransferase inhibitors may lead to reactivation of ER gene expression. Green tea polyphenols (GTPs) inhibit hypermethylation in MDA-MB-321 cells resulting in reactivation of the ERα expression [46] . The main component of GTPs, (-)-epigallocatechin 3-gallate (EGCG), is structurally similar to EPFP polyphenols ((+)-catechin and (-)-epicatechin) but belongs to the group of flavanols [47] . The EPFP tested is likely to reactivate ERα expression in MDA-MB-231, making the cells more sensitive to its action than MCF-7. On the other hand, some reports show that EGCG downregulates ERα in MCF-7 cells, inhibiting their proliferation [48] . Isoflavones, and especially genistein and daidzein, act similarly and possess ability to bind to ER due to the structural resemblance to 17β-estradiol [49, 50] . Moreover, genistein has been found to act selectively for hormonedependent and hormone-independent breast cancer cells. It sensitizes only MDA-MB-231 cells to doxorubicin, whereas it does not have an impact on MCF-7 cells [51] . Future research aimed at checking whether EPFP acts through the estrogen receptor and whether it affects its expression seems to be justified.
Conclusions
Activities of polyphenols of plant origin are very diversified; in some cells certain processes such as Our results indicate that the EPFP-induced changes in expression levels of Bax (proapoptotic) and Bcl-2 (antiapoptotic) as well as in the Bcl-2/Bax ratio, confirm the results obtained by flow cytometry (Figure 2A  and 2B) . Furthermore, the fact that MMP-9 was more strongly downregulated in MDA-MB-231 than in MCF-7 cells also confirms the results of zymographic analysis, i.e. more pronounced inhibition of MMP-9 activity in the former cell line.
Additionally, Figure 7 compares mRNA levels of the studied genes with those of the reference genes β2M and GAPDH. In order to present such a comparison, it was assumed that the expression levels of the studied genes in MCF-7 cells are equal to 1. The comparison concerns control cells, i.e. cells untreated with EPFP. As shown in Figure 7 , the initial expression levels of the studied genes were much higher in highly invasive human breast cancer cells (MDA-MB-231) than in non-invasive human breast cancer cells (MCF-7). The results of our studies confirm the observation that MMPs are upregulated in numerous pathological processes such as tumour growth, which are characterized by an increased formation of new blood vessels [37, 43, 44] .
One of the probable causes of different sensitivity of two breast cancer cell lines to EPFP can be a different estrogen receptor (ER) status. The MCF-7 line is ER positive and MDA-MB-231 is ER negative [45] . The results of recent studies indicate the possibility of stimulation of ER expression in ER-negative cancer cells for efficient treatment with ER selective modulators such as tamoxifen, raloxifene or aromatase inhibitors. In order to present such a comparison, the expression levels of the studied genes in MCF-7 cells are assumed to be equal to 1. Each value on the graphs represents the mean value ± SD, n = 3 independent.
oxidative stress, inflammation, proliferation, migration, apoptosis, and angiogenesis are reduced by phenolic compounds, while in other cells, the same processes are stimulated. Those differences in observed effects result not only from cell sensitivity but also from the phenolic profile of the tested extract, which in turn depends, inter alia, on the type of solvent used for extraction. The constituents of the extract can act synergistically, additively, or antagonistically; in some cases a hormetic effect may also be observed.
Our results indicate that the procyanidin-rich flavanol preparation isolated from defatted seeds of evening primrose (EPFP) proved to be a stronger proapoptotic and antiangiogenic agent towards highly invasive human breast cancer cells (MDA-MB-231) than towards non-invasive human breast cancer cells (MCF-7).
Nevertheless, it should be emphasized that the effects of EPFP on both breast cancer cell lines were similar, namely, modulation of expression of certain genes resulting in induction of apoptosis and inhibition of angiogenesis. Further studies are necessary in order to determine whether EPFP exhibits such activities in vivo.
